Pluchea dioscoridis is a perennial ruderal shrub. It has been classified as a weed controller due to its bushy growth, medicinal plant due to its strong antioxidant and anti-liver cancer activity and a phytoremediator plant. The present work aims to study the environmental factors affecting the distribution and common associated species of P. dioscoridis in Gharbia governorate, Nile Delta, Egypt. It aims also to assess the diversity and behavior of the common species along the different environmental factors. Seventy three stands, representing four common urban habitats (wastelands, railway sides, canal and drain banks), were selected. In each stand; the florisitic composition and cover of the studied species and its common associated species were estimated. Seventy-two species were recorded as being associated with P. diosocridis. Therophytes were the most represented, while parasites were the least. Mediterranean taxa had the highest chorological contribution. The highest coverage percentage of P. dioscoridis was recorded in the canal banks. TWINSPAN and DCA techniques led to the recognition of four vegetation groups; these groups were indicated by Persicaria salicifolia (A); Echinochloa stagnina and Chenopodium album (B); Arundo donax (C) and P. dioscoridis (D). Vegetation group D, which occupied wastelands, was the most diverse, while VG B occupied drain banks, was the least diverse. Soil analysis indicated that VG A occupied canal banks had the highest values of OM (7.7%) and P (41.2 mg100g -1 ), but the lowest water holding capacity (20.8%), Cl (0.08%), CO3 (0.07%) and HCO3 (0.04%). Canonical Correspondence Analysis (CCA) showed that chloride, electrical conductivity, total nitrogen, carbonate, and calcium cations were the most effective environmental variables on the distribution of P. dioscoridis and its associated species in the study area. This study may be a beneficial tool to use P. dioscoridis as indicator of ecological change and to estimate the relationship between soil variables and wild communities of it.
Introduction
The plant community has a vital role in affordable management by maintaining biodiversity and conserving the environment (Kandi et al. 2011) . Communities of ruderal vegetation owe their existence to disturbance of their habitats (Grime 1979) . Weeds are considered to be a main component of agroecosystems and have an influence on land diversity. Field experiments indicate that weeds can enhance species diversity of an ecosystem, lower pest density and conserve soil fertility (Chen et al. 2004) . Most of weed communities help in featuring the patterns of species structure and distribution and then interpretation of these patterns with respect to environmental factors (Fried et al. 2008) . Classification and ordination techniques have been applied to feature the ecological relationships between vegetation and the environmental factors (Zhang & Zhang 2000) .
Urban areas are unique habitats; where large populations of humans build dense buildings; these areas have been significantly changed from their natural state into urban ecosystems. Urbanized lands have a very simple community structure and species composition (McKinney 2002 , Lundholm & Marlin 2006 , Jim & Chen, 2010 . The urban ecosystem comprises plant species from the natural flora of ruderal habitats to the cultivated flora of reclaimed areas (Sukopp & Werner 1983) . The relationship between urban vegetation and environmental factors was represented by few studies like those of Klotz (1990) and Pyšek (1993) ; these studies showed that species richness of plant is highly correlated to population size in cities. Gilbert (1989) reported that cities have high species richness due to their habitat diversity which offers a variety of ecological conditions for plant species.
New habitats have been introduced in Nile Delta by agriculture and by the permanent occupation of sites for habitation (Shaltout & Sharaf El-Din 1988) . Different types of habitats have been supported by the Nile Delta region; some of which are natural and the others are human made; salt marshes, coastal dunes, and brackish shallow lakes were found to be the main natural habitats at the northern part of the Nile Delta; while irrigation, drainage canals, railways, railway yards, motor roads, abandoned fields, demolished houses, refuse areas and grave yards were the human made habitats (Shaltout & Sharaf El-Din 1988 , Shaltout 1994 .
Pluchea dioscoridis (L.) DC (Asteraceae); is an important perennial wild evergreen shrub. It had been recorded in eight habitats (rail ways, highways, wastelands, abandoned fields, orchards, canal and drain banks and Lake Mariut) in Nile Delta (Shaltout et al. 2010) . The distribution and presence of P. dioscoridis had been affected by human activity, chiefly due to destructive manner (limiting canals and drains), resulting in the reduction of aquatic communities (Shaltout & El-Sheikh 2002) . Herein, we investigated the distribution and associated species of the P. dioscoridis in the different habitats in Gharbia Governorate (middle of Nile Delta), Egypt. We also aimed at evaluating the most important environmental factors affecting its distribution in the different habitats, and assessing the diversity and behavior of the associated species along different environmental factors, which may be a good tool to use it as indicator of ecological change.
Materials and methods 1. Study area
Gharbia Governorate (Fig. 1) is located in the middle of Nile Delta (31°9'22'' -30°34'41''N; 31°18'22'' -30°45'27''E). It covers about 25,400 km 2 (Abdel-Hamid et al. 2011); and comprises eight districts, which were selected to represent the distribution of P. dioscoridis population in different habitats. The main land use is agriculture; Nile Delta comprises about 63% of Egypt's fertile land (Abu Al-Izz 1971) . This Delta lies in the arid belt of the southern Mediterranean region; its climate is rather arid to semi-arid (UNESCO 1977) . The highest temperature is in July and August with an average of 38 °C, and its lowest temperature in December and January with an average of 7.7 °C, with an average rainfall of 42.8 mm year -1 . The relative humidity varies between 45% at the south in June and 76%, at middle region in August (NASA-POWER 2000 -2017 . The soil of Nile Delta is mostly heavy in texture and rather compact at the surface. The human status of the soils is fairly well. Thus, all soils with exception of the northern part are man-made and are regarded as anthropic variants of the Gleysols and Fluvisols (for more details see Shaltout et al. 2010 ).
Vegetation sampling
Seventy three stands (100 m 2 each) were selected to represent the different habitats of P. dioscoridis populations in the eight disrticts of Gharbia Governorate. The sampling processes of the study sites have been carried out during a year between March 2016 to Februaray 2017 through regular seasonal visits to the study area. These stands represent the distribution of P. dioscoridis population in four urban habitats (wastelands, railway sides, canal and drain banks); and were distributed as follow: 40 (1-40) in the wastelands, 12 (46 -57) along the canal banks, 16 (58 -73) along the drain banks, and 5 (41 -45) along the railwaysides. In each stand, the floristic elements had been surveyed and the associated perennial and annual species were recorded seasonally indicating the first and second dominant species. Identification and nomenclature of the recorded species were according to Boulos (1999 Boulos ( , 2000 Boulos ( , 2002 Boulos ( , 2005 Boulos ( , 2009 . The life form of each species was according to Raunkiaer (1937) ; and the actual and relative number of species belonging to each life form were calculated. The abundance of each species in each stand (visual estimate of coverage as a percentage of the stand area), was estimated according to the scheme of BraunBlanquet (1932) . Analysis of global geographical distribution of the recorded species was carried out according to Zohary (1966 Zohary ( , 1972 Täckholm (1974); Abdel ElGhani (1981 , 1985 ; Hassan (1987) . Voucher specimens were kept in Tanta University Herbarium (TANE).
Soil analysis
Three composite soil samples were collected as profiles for the soil depth (0-50 cm) from each stand. The sampled soil was brought to the laboratory in plastic bags directly after collection,
Fig. 1. Study area showing the selected stands (o) in Gharbia Governorate
spread over paper sheets, air dried and passed through a 2 mm sieve to remove gravels and debris. Prior to particle size analysis, the binding agents as carbonates and organic matter were removed by treating the soil with a few drops of 1M HCl, boiled with H2O2 and dispersed with sodium hexa-metaphosphate. Soil texture analysis was carried out by Bouyoucos hydrometer method (Piper 1947) , whereby the percentages of sand, silt and clay were calculated. The porosity of soil and waterholding capacity were measured as reported by Piper (1947) .
Soil-water extract of 1:5 w/v were prepared for the determination of pH values, electric conductivity (EC; as a measure of salinity), carbonates, bicarbonates, Cl, SO4 and CaCO3. Soil reaction (pH) and EC were measured using a glass electrode pH meter (Model 9107 BN, ORION type) and electrical conductivity meter (conductivity meter 60 Sensor Operating Instruction Corning), respectively. Determination of carbonates and bicarbonates was carried out by titration with 0.1N HCl using phenolphthalein and methyl orange as indicators. Chlorides were estimated by direct titration against N/ 35.5 silver nitrate and calcium carbonate was determined by titration against 1N NaOH (Jackson 1962) . Sulphates were determined using the "gravimetric with ignition of residue method", where sulphates were precipitated in 1% HCL solution as barium sulphate (Piper 1947) .
Total organic matter was determined by loss-on-ignition at 440 °C according to Piper (1947) . Nutrients (N, P, K and Ca) content in the collected samples were determined after digestion using the mixed-acid digestion method (Parkinson & Allen 1975) . Estimation of K and Ca in the soil solution was carried out by using flame photometer (CORNING M410). Determination of the total soluble nitrogen was achieved using Kjeldahl method (Pirie 1955) . Molybdenum blue and indo-phenol blue methods were applied for the determination of P and N, respectively, using a spectrophotometer (CECIL CE 1021) set at 660 nm in case of N and 700 nm in case of P. All these procedures are according to APHA (1985) and Allen (1989) .
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Data analysis
Two-way indicator species analysis (TWINSPAN) and detrended correspondence analysis (DCA) were applied to the matrix of cover estimates of the associated species with P. dioscoridis in 73 stands (Hill 1979 a,b) . The relationships between vegetation gradients and environmental variables were produced by canonical correspondence analysis (Ter Braak 1986 in which points represent the common species and arrows represent environmental variables. The significance of variation in the soil variables with respect to TWINSPAN vegetation types was evaluated using one-way analysis of variance (ANOVA) using SPSS (SPSS 2006 
Floristic analysis
Seventy-two species belonged to 58 genera and 23 families were associated with P. dioscoridis populations in 73 stands in the study area (Table 1) . Fifty-four species (61.1% of the total species) predominated in the wastelands, followed by 47species (65.3 %) in canal banks, 37 species (51.4 %) in drain banks and 18 species (25.0 %) in railway sides. Poaceae was the most represented family (25.0 % of the total recorded species), followed by Asteraceae (12.5 %), Fabaceae (8.3 %), Chenopodiaceae (7.0 %) and Brassicaceae (5.6 %). The most common species associated with P. dioscoridis were Cynodon dactylon (P = 73.0 %), Phragmites australis (P = 60.7%), Cyperus rotundus (P = 50.5%), Imperata cylindrica (P = 49.3%) and Panicum repens (P = 48.3%). Therophytes were the most frequent lifeform (39 species = 54.1%), followed by GeophyteHelophyte (13 species = 18.1%), Hemicryptophytes (7 species = 9.7 %), Phanerophytes (6 species = 8.3 %), while chamaephytes (4 species = 5.6 %) and Parasites (3 species = 4.1%) were the less represented (Table 1 and Fig. 2 ). The chorological analysis of the recorded species revealed that bi-regional taxa were the most frequent chorotype (24 species = 33.3 %), followed by pluri-regional (23 species = 23.0 %) and mono-regional (19 species = 26.4 %), while cosmopolitans were the less represented (6 species = 8.3 %) ( Table 1) . On a monoregional scale, Mediterranean taxa were the most represented (39 species = 24.2 % of the total species), followed by Irano-Turanian (34 species = 47.2 %), Palaeotropical (22 species = 30.6 %) and Euro-Siberian (22 species = 30.6 %). P. dioscoridis showed Saharo-Sindian distribution intermingled with SudanoZambezian elements.
Multivariate analysis
The application of TWINSPAN based on the relative coverage estimates of 73 plant species, including P. dioscoridis, recorded in 73 stands along four habitats (canals, drains, railway sides and wastelands), led to the recognition of four vegetation groups at level 2 of the classification according to their habitat preferability (Table 2 and Fig. 3 ). On the same set of data the application of DCA showed a clear pattern of segregation among these groups along the ordination axes 1 and 2 (Fig. 4) . The vegetation groups were named after the common species associated with Pluchea dioscoridis as follows: Pluchea dioscoridisImperata cylindrica group (VG A) which mainly occupied the canals banks; the indicator species was Persicaria salicifolia (RC = 14.2%).
Pluchea dioscoridis-Phragmites australis group (VG B) mainly inhabited the drain banks; its indicator species were: Echinochloa stagnina (RC = 3.2%) and Chenopodium album (RC = 3.1%). In contrast, The Arundo donax-Pluchea dioscoridis group (VG C) inhabited the railwaysides and wastelands; with Arundo donax as indicator species (RC = 32.52%). Furthermore, Cynodon dactylon-Pluchea dioscoridis group (VG D) inhabited wastelands habitat; with Pluchea dioscoridis (RC = 49.0%) as indicator species.
It was observed that VG D was the most diverse group (Table 3) , as it had the highest species number (34), richness (9.5 species stand -1 ), relative evenness (1.0) and relative concentration of dominance (0.9). In contrast, Factors affecting the distribution of Pluchea dioscoridis (L.) DC. VG B had the lowest species richness (6.2 species stand -1 ), and relative evenness (0.7), while VG C had the lowest relative concentration of dominance (0.4).
Soil analysis
Soil texture of the study area was clay loam, while pH values indicated that the soil reaction is neutral with a tendency to alkalinity in all groups ( 
Vegetation-environment relationship
The correlation between P. dioscoridis with its common associated species and the environmental characters was indicated on the bi-plot ordination diagram produced by CCA (Fig. 5) (VG B) and Rumex dentatus (VG B and C) were affected by N and CO3.
Discussion
Seventy-two species were recorded as associated species with the distribution of P. dioscoridis in the different studied habitats in Gharbia Governorate. Poaceae, Asteraceae, Fabaceae, Chenopodiaceae and Brassicaceae were the leading families and are represented collectively by 42 species (53.9% of the total recorded species) forming the bulk of the flora in the study area. This is more or less in agreement with the study of (Mashaly & Awad 2003 , Shaltout et al. 2005 , Omar 2006 , Ahmed 2014 , Shehata & Galal 2015 in Nile Delta. The life form spectra provide information that could help in assessing the response of vegetation to variations in certain environmental factors (ElGhareeb 1975) . In the present study, therophytes were the most represented life form (50% of the total recorded species); this result coincides with studies of El-Kady et al. (1999) , Ahmed (2014), Shehata & Galal (2015) . This high contribution of therophytes can be referred to their short life cycles that permit them to resist the short life cycle of crops (El-Kady et al. 2000) . In addition, the adverse climatic conditions; moisture deficiency and substrate instability of the other habitats probably lead to the frequent occurrence of therophytes, associated with P. dioscoridis during the suitable seasons (El-Kady et al. 2000) .
The chorology of the recorded species indicated that the bi-regional taxa had the highest percentage, followed by the pluriregional, mono-regional and cosmopolitan. This may be due to that, Egypt is a meeting point of floristic elements belonging to at least four phyto-geographical regions: African Sudano-Zambesian, Asiatic Irano-Turanian, Afro-Asiatic Sahro-Sindian and Euro-Afro Asiatic Mediterranean (El-Hadidi 1993) . Zohary (1973) explained that the inter-regional species (bi-, tri-and pluri-regionals) are dominant over mono-regional ones due to the presence of interzonal habitats, such as anthropogenic, hydro-, haloand psammophilous sites. Thirty nine of the recorded species (50%) were Mediterranean taxa (pluri-, bi-and mono-regional). IranoTuranian chorotypes, either pure or penetrated into other regions, comprised 34 species (43.6%) of the recorded flora; while the other floristic elements are represented by varying number of species, reflecting their different capability to penetrate the region, and this can be due to the influence of man and the history of agriculture in the study area (El-Ameir 2005) .
Vegetation structure could be spilt through the classification and ordination analyses depending on indicator species and their correlation to environmental factors (Abd El-Ghani et al. 2013) . The indicator species is of high importance because of their sensitivity to changes in environmental factors which may be beneficial or damaging (Seele et al. 2000; Thiebaut et al. 2002; Stelzer et al. 2005) . The vegetation composition of P. dioscoridis along wastelands, railway sides, canal and drain banks was classified by TWINSPAN classification into four groups. P. dioscoridis was the first dominant in two groups (A and B) ; which occupies canal and drain banks. Shaltout & Slima (2007) reported that P. dioscoridis prefers inhabiting wetlands, while it was recorded as second dominant in two other groups (C and D); inhabiting railway sides and wastelands. Comparable results were reported by Shaltout and El-Sheikh (2002) (2015) and Shehata & Galal (2015) .
In the present study, it was clear that VG D, which characterizes wastelands, had the highest species richness and was the most diverse, while VG B which inhabited the drain banks was the least diverse; these results coincided with the study of Shaltout & Slima (2007) . The lower species diversity in drain banks may be due to the bushy growth of the shrub preventing other species from colonizing the banks (Simpson 1932) , and the dense canopy of tall growing associated species along canal and drain banks (e.g. Cyperus alopecuroides, Phragmites australis and Persicaria senegalensis) making more difficult, the germination and growth of other species leading to reduction of the species diversity (Shaltout & El-Sheikh 1993) . It is well known that the aquatic weeds aggressively colonize disturbed canal or drain banks forming dense mono-dominant stand (Holzner 1978) , which in turn increases their competitive ability and lower their species richness (Abdel ElGhani et al. 2012) . Diversity, species richness and evenness vary among different habitats due to dissimilarities in the soil characteristics, substrate discontinuities and the phytotoxic effects of one or more species, depending on their relative dominance among the other associated species (James et al. 2006) .The highest coverage percentage for P. dioscoridis was recorded in canal and drain banks despite of its lower species diversity as a result of allelopathic effect of P. dioscoridis which offer phytotoxicity for some weeds by reducing their germination rates and seedling growth (Fahmy et al. 2012; Balah 2016) .
The texture of soil has an influence on the soil or productivity through affecting the soil water-holding capacity, moisture availability and infiltration rate for plants (Sperry & Hacke, 2002) .The soil analysis in the present study showed that canal and drain banks had the lowest salinity values, while wastelands had the highest salinity and this is in accordance with the study of Shaltout & Slima (2007) and Ahmed (2014) . Also, it was observed that the electrical conductivity (salinity) for all studied habitats was higher than those recorded by Shaltout (1994 ), Sharaf El-Din et al. (1999 , ElSheikh (2003) and Shaltout & El-Komi (2006) for the soil of P. dioscoridis and this may be related to the high ability of P. dioscoridis to sustain salinity.
Multivariate analysis of CCA indicated that, the most important soil variables with respect to the distribution of plants were soil fertility (phosphorus content and organic carbon), salinity, alkalinity, pH, soil texture, nitrogen and calcium carbonate (Shaltout & ElSheikh 1993; Shaltout et al. 1994; Al-Sodany, 1998) . Shaltout & El-Sheikh (1991) reported that the distribution of plants has either negative correlation with some soils parameters. In the present study, it was found that chloride, EC, total nitrogen, carbonate, and calcium cations were the most effective soil variables. The distribution of P. dioscoridis was positively correlated with EC, clay, organic matter and bicarbonate.
Conclusion
Seventy-two species were recorded as being associated with P. dioscoridis in the studied habitats in Gharbia Governorate. Poaceae, Asteraceae, Fabaceae, Chenopodiaceae and Brassicaceae were the leading families and are represented collectively by 42 species. Therophytes was the most represented life form (50%). Biregional and Mediterranean taxa were the most represented chorotype. Four vegetation groups (A-D) were identified after the application of TWINSPAN and DCA analysis. P. dioscoridis was the first dominant species in groups A and B, which inhabited the canal and drain banks (as P. dioscoridis prefers inhabiting wetlands). The same species was the second dominant in groups C and D, which occupied railway sides and wastelands. Group D had the highest species richness and was the most diverse, while VG B was the least diverse. The highest coverage percentage for P. dioscoridis was recorded in canal banks. The environmental variables such as chloride, electrical conductivity, nitrogen, carbonate, and calcium cations were the most effective environmental factors in the distribution of P. dioscoridis populations and its associated species. The distribution of this shrub was positively correlated by EC, clay, organic matter and bicarbonate.
